The injection of iron, which was introduced into the British Pharmacopoeia, 1932, has been carefully tested in ten cases of anmemia.
L'administration parent6rale de fer est rarement A desirer, car la dose therapeutique de fer injecte se rapproche de la dose toxique. L'efficacite de l'Injectio Ferri B.P. est tres petite A cause de la petite quantite de fer qu'elle contient. L'injection est, d'ailleurs, douloureuse, mais on peut surmonter cet obstacle en ajoutant un anesthetique local tel que le chlorhydrate de procaine A 3 pour cent.
Il semble que deux fois la plus haute dose officielle de l'Injectio Ferri B.P., c'est-A-dire 14 mgm. de fer metallique, peut etre injectee en une fois sans danger, mais il faudrait donner cette quantite deux fois par jour pour environ 6 semaines pour produire le meme effet que les hautes doses de fer administrees par la bouche. Le traitement des anemies par l'injection de petites doses de fer une ou deux fois par semaine est irrationnel et A regretter. ZUSAMMENFASSUNG.-IDie in 1932 To those of us who are interested in the treatment of antemia, it was a surprise to find a preparation of iron for injection included in the last edition of the British Pharmacopceia, for there was little definite knowledge of the effects of the parenteral administration of iron in man until the experiments of Heath, Strauss and Castle, which were reported in November 1932, some months after the appearance of the Pharmacopeia. To judge by the discussion on the Pharmacopoeia at the meeting of this Section held on December 13, 1932, the innovation was made " because there was a general feeling that injections of iron were of some use " (cited by Dorothy Hare). General impressions of this kind are often erroneous, and in our opinion the reputation of injections of iron is based on the treatment of patients who would have FEB.-THERAP. 1 448 Proceedings of the Royal Society of Medicine 30 recovered from their aniemia equally quickly without any treatment, and even more on the psychological effect of injections on patients with debility who were not anmmic. We have previously shown that the results of the treatment of chronic forms of anaemia, such as the idiopathic hypochromic antemia of women, by the injection of iron have hitherto been very unsatisfactory, and in the present paper we hope to demonstrate that the Injectio Ferri B.P. is a relatively inefficient and impracticable preparation for ferrotherapy (Witts 1930) .
From the study of anwmias produced in animals by iron deficiency or by repeated hbmorrhage, it has been concluded that the parenteral administration of iron is of no therapeutic value, and it has been suggested that iron is inactive in anemia unless it enters the body by way of the alimentary tract and the portal circulation (Font6s and Thivolle). This is another example of the danger of transferring the conclusions of animal experiments to the spontaneous diseases of mankind, for the careful work of Heath, Strauss and Castle leaves no doubt that anemia in human patients can be cured by the injection of iron. Such treatment is, however, fraught with difficulty, because the therapeutic dose of iron by injection is so close to the toxic dose. It is not generally realized how toxic injected iron is, though this has been clearly established in animal experiments (Starkenstein). That the results are applicable to man is apparent from the observations of Heath and coworkers:-" Iron in doses of 16 to 32 mgm. a day, given parenterally, is very close to the maximum amount of iron tolerated by man. It is attended by disagreeable symptoms, sometimes severe and possibly dangerous . . . general warmth, palpitation and sometimes a pressure sensation in the region of the precordium, nausea and frequently vomiting. After the administration of 48 mgm. and 80 mgm. in two patients respectively, there were much more severei reactions . . . it was thought that such large doses of iron were distinctly dangerous."
Heath concluded that the effective dose of iron given by injection in the form of iron and ammonium citrate was 32 mgm. of metallic iron a day, and that this produced approximately the same effect as a daily dose of 1,000 mgm. of metallic iron given orally in the form of 90 gr. of iron and ammonium citrate. As already noted, toxic symptoms commonly follow theinjection of 32 mgm. of iron, while larger amounts are distinctly dangerous. The maximum official dose of Injectio Ferri B.P. is 2 c.c., which contains 33 mgm. of iron and ammonium citrate or 7 mgm. of metallic iron. It may be noted in passing that few, if any, of the non-official preparations contain more of the metal than this. The official dosage is therefore a good deal less than the optimum determined by the American workers, so that we should hardly expect good results from its use. Indeed, Dr. Dorothy Hare has already reported a ease in which 28 injections of Injectio Ferri B.P. were given to a patient in nineteen days without any improveqment, though there was subsequently a good response to iron by mouth (Dorothy Hare).
In choosing the following ten cases for the evaluation of the therapeutic action of Injectio Ferri B.P., we have followed the criteria previously laid down, confining our attention to " cases which are of a torpid, chronic and constant type, which show no tendency to spontaneous recovery, and which are unlikely to be aggravated by uncontrollable factors" (Witts, 1933) . Seven were women with idiopathic hypochromic ansemia; one was a case of gastric ulcer with hypochlorhydria, but without haemorrhage; one case of toxic ansemia and one of carcinoma of the stomach were also included, in case such conditions should react better to the parenteral than the oral administration of iron. After an adequate control period Injectio Ferri B.P. was given intramuscularly daily for periods of from ten to twenty-one days; reticulocytes were estimated daily, hwmoglobin twice weekly and red cells weekly. For convenience the results have been expressed in diagrammatic form. In eight cases the daily dose of Injectio Ferri was 2 c.c., or 7 mgm. of metallic 31 Section of Therapeutics and Pharmacology 449 iron; in two cases the daily dose was 4 c.c., or 14 mgm. of metallic iron; in no case were toxic symptoms observed. It was found an advantage to add 3% procaine hydrochloride to the injection of iron, as otherwise there might be much local pain. The injections were then omitted and replaced by the oral administration of iron, usually 90 gr. a day of iron and ammonium citrate, but in two cases 60 gr. a day of ferrous sulphate. The results were evaluated by the rate of increase of haemoglobin during the two forms of therapy, and by the occurrence or not of a second reticulocyte crisis, for it is known that if a more powerful remedy is given when the reticulocyte crisis produced by a weaker remedy has subsided, a second reticulocyte crisis is usually induced. B.P., 2 c.c. daily, there was a small reticulocyte crisis with a peak of 2 2% and a rise of onlv 2% in the hiemoglobin. Treatment was then changed to iron and ammonium citrate, 90 gr. a day by mouth. There was a second reticulocyte crisis of equal height and the heemoglobin increased from 46 to 72% in twenty-three days.
II. Idiopathic hypochromic ancemia with normal gastric secretion.-Olive M., aged 43, had had ansomia for over twenty years, the disease having been diagnosed as chlorosis at the onset. The diet was satisfactory, menstruation was scanty, the gastric secretion was normal, and apart from ansemia and slight dental sepsis there were no physical signs of disease and no obvious cause for the anEemia. Her blood-count was: red cells 3,020,000; white cells 5,100; Hb. 41%; C.I. 0 7. Injectio Ferri B.P. was injected intramuscularly, 2 c.c. daily for ten days; there was no reticulocyte crisis and no increase in hsemoglobin. She was then given ferrous sulphate, 60 gr. a day by mouth, when there was a reticulocyte crisis with a peak of 4. 1% and the hsemoglobin rose from 40 to 83% in twenty-eight days. 
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III. Idiopathic hypochronzic ancaltia with achlorhydria.-Fanny R., aged 41, had been ansemic since girlhood, but had been worse for the last few months. She had complete achylia, confirmed by histamine; there was a mild proctitis, but no definite hasmorrhoids. She also complained of pains in the hips, though X-rays showed no disease of the bones. All her teeth had been removed somiie months previously. Her blood-count was: red cells 4,600,000; white cells 4,000; Hb. 48%; C.I. 0 5. On treatment with Injectio Ferri B.P., 2 c.c. daily for ten days, she had a small reticulocyte crisis with a peak of 1 .8%, and the hasmoglobin rose from 48 to 60%. Iron and ammonium citrate was then administered by miiouth, when there was a nmore sustained reticulocyte crisis with a peak of 2 4% and the hemmoglobin rose from 60 to 74% in seventeen days. there was a long drawn-out reticulocyte crisis with a peak of only 2.4% and an increase of hEemoglobin from 35 to 46%. Treatment was then changed to iron and ammonium citrate, 90 gr. a day by mouth, when there was a further slight reticulocytosis and the hemoglobin rose from 46 to 68% in nineteen days.
V. Plummer-Vinson syndrome with achlorhydria.-Mary Anne W., aged 55, complained of dyspncea, glossitis and dysphagia. She had been an in-patient in the hospital on account of similar symptoms at the age of 41. The liver and spleen were palpable, a test meal showed complete achlorhydria, and on cesophagoscopy a stricture was found at the crico-pharyngeal junction and was dilated. The blood-count was: red cells, 2,980,000; white cells 4,900;
Hb. 30%; C.I. 0-5. Injectio Fern B.P. was injected in a daily dose of 2 c.c. for sixteen days; there was a reticulocyte crisis with a peak of 3%, and the h6emoglobin rose from 34 to 40%. She was then treated with iron and ammonium citrate by mouth, 90 gr. a day;
there was a second reticulocyte crisis with a peak of 3-3%o, and the haemoglobin rose from 40 to 85% in twenty-nine days. INJECTIO VI. Gastric ulcer with anTmia and extreme hypochlorhydria.-Edward J. first came under treatment for dyspepsia and ansemia at the age of 41. He had had empyema of the left lung in infancy and a gunshot wound of the same lung in the war, which had left him with bronchitis and asthma. He had also had slight bleeding from heemorrhoids, which were treated by injection. The only other abnormal sign was hypochlorhydria. Under treatment with Blaud's pill, gr. 15 a day, his hiemoglobin rose from 50 to 70% in seventeen days.
He returned to hospital with similar symptoms at the age of 43. X-ray examination now showed a shallow ulcer high up on the lesser curvature of the stomach, there was complete achlorhydria in a fractional test meal, and the stools contained a trace of occult blood which rapidly disappeared on dieting. His blood-count was now, red cells 4,000,000; white cells 6,900; Hb. 50%; C.I. 0 -6. On ten days' treatment by daily injections of 2 c.c. of Injectio Ferri B.P., he had a reticulocyte crisis with a peak of 4 -3%, but the hlemoglobin only rose from 50 to 52%. He was then treated with iron and ammonium citrate, 45 gr. a day by mouth, when there was a second reticulocyte crisis with a peak of 3*3%, and an increase of hsemoglobin from 52 to 68% in twenty days. The dose of iron and amrnonium citrate was then increased to 90 gr. a day and his hlemoglobin rose from 68 to 78% in nine days.
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Section of Therapeutics and Pharmacology 453 VII. An&,mia, and vertigo associated with dental sepsis.-Benjamin B., aged 63, comcomplained of brief attacks of nausea and vertigo of three months' duration. His teeth were extremely bad and he was very pale, but careful examination revealed no other signs of organic disease. The gastric secretion was normal. WAThen first seen his hemoglobin was only 55%, but a month later the blood had improved spontaneously, the count being: red cells 4,100,000; white cells 5,000; Hb. 72%; C.I. 0-9. He was then given ten injections of 2 c c. of Injectio Ferri B.P. in a period of twelve days, and at the end of this time the blood was practically unchanged (red cells 4,470,000; Hb. 75%). Treatment was then changed to iron and ammonium citrate, 90 gr. a day by mouth, and the teeth were extracted. Three weeks later the blood-count was: red cells 4,870,000; Hb. 80%. At no time was there a reticulocyte crisis.
VIII. Antmia from carcinoma of the stomach.-William W., aged 72, bad been losing weight for two and a half years and had been anoemic for one year. A test meal showed achlorhydria with persistent bleeding and the stools always contained occult blood in considerable amounts. The X-ray appearances were suggestive of a neoplasm on the lesser curvature of the stomach. The blood-count was: red cells 3,340,000; white cells 10,000; Hb. 45%; C.I. 0 7; the reticulocytes fluctuated between 1 * 0 and 1 * 7%. On treatment with eight daily injections of 2 c.c. of Injectio Ferri B.P., the hEemoglobin sank from 40 to 36% and the maximum reticulocyte count was 2 * 2%. He was then given ferrous sulphate by mouth in a dosage of 60 gr. a day; the hsemoglobin remained fixed at 36%, and there was an irregular reticulocytosis with a maximum of 5%. IX. Idiopathic hypochromic anaemia with achlorhydria.-Catherine G., aged 38, had always been pale but had had more definite symptoms of anemia for the past year. Physical examination was negative but a fractional test meal showed only a trace of free hydrochloric acid in the gastric contents. The blood-count was: red cells 2,920,000; white cells 6,600;
Hb. 25%; C.I. 0 4. On treatment by injection of 4 c.c. of Injectio Ferri B.P., daily for ten days, there was an irregular reticulocytosis with a maximum of 3-2% and the hemoglobin rose from 25 to 30%. She was then given 90 gr. of iron and ammonium citrate a day by mouth, when there was an unusually large reticulocyte crisis with a peak of 12%, and the hemoglobin rose from 30 to 75% in nineteen days.
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Proceedings of the Royal Society of Medicine 36 X. Idiopathic hypochromic anaomia with normal galtric secreton.-Dorothy T., aged 28, had previously been treated in the hospital for anemia of the chlorotic type at the age of 24. On re-admission to the hospital she had well-marked koilonychia, the test meal showed hyperchlorhydria. The blood-count was: red cells 4,800,000; white cells 9,100;
Hb. 60%; C.I. 0-6. On treatment with eleven daily injections of 4 c.c. of Injectio Ferri B.P., there was no reticulocytosis and the hwmoglobin rose only from 60 to 62%. She was then given 90 gr. of iron and ammonia citrate a day by mouth, when the hoemoglobin rose from 62 to 85% in twenty-four days.
We can dismiss the case of toxic ansemia and the carcinoma of the stomach from further attention, as neither patient reacted definitely to iron parenterally or by mouth. Of the remaining eight cases, all of which subsequently responded well to iron by mouth, two did not respond to the injection of iron, in Case II 2 c.c., or 7 mgm. of metallic iron daily for ten days, and in Case X 4 c. metallic iron daily for eleven days. Iron was always more effective by mouth than by injection, as shown by the occurrence of a second reticulocyte crisis in every case. Case III was the only one in which the increase of hemoglobin during the injection of iron-a rise of 1-2% a day-was greater than during the administration of iron by mouth, a rise of 0-82% a day. The average rise of haemoglobin during the administration of iron by mouth was 1?32% a day, more than three times the average rise of hemoglobin during the injection of iron, which was 0-4%. It is clear from these results that hypochromic anuemia in human patients can sometimes be repaired by the injection of iron, but this method of treatment is much inferior to the administration of large doses of iron by mouth. It is fairly certain from the work of Heath and co-workers, and Font6s and Thivolle, that iron absorbed by the body in anemia, whether parenterally or by the alimentary tract, is converted roughly quantitatively into hbmoglobin. Iron is not a mysterious stimulus to the bone-marrow but a raw material for the manufacture of haemoglobin.
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Section of Therapeutics and Pharmacology 455 Calculation from our average values for the increase in haemoglobin during the injection of iron shows that to cure an anemia of ordinary severity it would be necessary to inject the maximum official dose of Injectio Ferri B.P. every day for four months. The only safe way in which to obtain approximately as good an effect with iron by injection as by mouth, would be to inject double the maximum official dose of Injectio Ferri B.P., i.e. 4 c.c. or 14 mgm. of metallic iron, twice daily for about six weeks. In the great majority of instances such therapy would be intolerable to the patient, and fantastically expensive as compared with the administration of iron by mouth. The quantitative objection to parenteral iron therapy may be illustrated in another way. The average woman has a total volume of about 5,000 c.c. of blood. To increase her haemoglobin from 35 to 100%, the task with which she is faced in a severe hypochromic anaemia, she must manufacture 10 grm. of haemoglobin per 100 c.c. of blood, or 500 grm. of ha3moglobin in all. As haemoglobin contains 03% of metallic iron, she will need 1,500 mgm. of metallic iron for this purpose. If she received 4 c.c. of Injectio Ferri twice daily, i.e. 28 mgm. of metallic iron a day, and if she converted the whole of the injected iron into hoemoglobin, she would still be unable to raise her haemoglobin to normal until she had had fifty-four days of this treatment. It is interesting to see how closely the result of this theoretical calculation agrees with the estimate made in the preceding paragraph from the rate of increase in haemoglobin actually observed in these experiments.
In conclusion, we can only reiterate our opinions in the words of Heath, Strauss and Castle, that weekly or bi-weekly injections of iron, especially when minute doses are given, are practically useless, and that, except in rare instances, the administration of iron by the parenteral route should be avoided. REFERENCES. FONTES, G., and THIVOLLE, L., Le Sang, 1933 , vii, 209. HARE, DOROTHY, Proc. Roy. Soc. Med., 1933 , xxvi, 631. HEATH, C. W., STRAtISS, M. B., and CASTLE, W. B., Journ. Clinical Investigation, 1982 , xi, 1293 STARKENSTEIN, E., Ergeb. d. ge8amt. Med., 1930, xiv, 565. WITTS, L. J., Guy's Hosp. Reports, 1980 , lxxx, 253. WITTS, L. J., Proc. Roy. Soc. Med., 1933 The Toxic Effects of Substances of the Carbon Tetrachloride Type By Sir WILLIAM WILLCOX, K.C.I.E., C.B., C.M.G., M.D., F.R.C.P. SUBSTANCES of the carbon tetrachloride group are coming into increasing use for many commercial purposes, and we are meeting with cases showing their toxic effects. The group is a fair-sized one, and the toxic effects vary according to the time factor, and many other conditions, as I shall be able to illustrate.
These substances have been known for many years, and on looking into the old literature we find that many of them have been used for anaesthetic purposes and afterwards discarded. Carbon tetrachloride, for example, was used many years ago, i.e. at about the time that chloroform was introduced. It was found to be inferior as an anesthetic and more dangerous than chloroform and its use for that purpose was discontinued. So, though toxic effects from these substances are now coming to light, we find that they also occurred and were known years ago.
All these drugs are anaesthetics; they have a toxic effect on the brain, they are fat-soluble and are quickly absorbed, and they act on the grey matter, producing narcotic effects.
On several occasions I have called attention to the danger of liver poisoning arising from this group of drugs which cause toxic jaundice. The liver is the great FEB.-THERAP. 2 *
